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0 Apparatus for diagnosing faults in engine air intake valve. 



0 A system is disclosed for diagnosing faulty 
check valve operation in an internal combustion en- 
gine (10) having a back flow preventing check valve 
(32) positioned in each intake air passage (26) lead- 
ing to an engine cylinder (16). The system measures 
the pressure in the engine air induction system (12), 
upstream of each check valve (32) and downstream 
from an air intake throttle valve (30). The system 
produces an indication of faulty check valve opera- 
tion when an abnormal fluctuation in the measured 



pressure is detected. Preferably, the diagnostic func- 
tion is performed when the engine (10) operates in a 
defined mode, at idle speeds with light engine load- 
ing, where the pressure differential appearing across 
each check valve (32) is essentially maximized. The 
engine cylinder (16) associated with a faulty check 
valve (32) is identified based upon the sensed rota- 
tional position of the engine (10) when an abnormal 
fluctuation in pressure is detected. 
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This invention relates to apparatus for diagnos- 
ing the state of operation of a check valve of an 
internal combustion engine. 

It is generally known that at high operating 
speeds, the performance of a four-stroke internal 
combustion engine can be improved by advancing 
the opening and retarding the closing of cylinder 
intake valves during the engine operating cycle. 
Opening a cylinder intake valve early, while its 
respective exhaust valve is still open (known as 
cross-over), facilitates the discharge of gaseous 
combustion products from the cylinder at high en- 
gine speeds, while delaying the closing of the 
intake valve until after beginning of cylinder com- 
pression improves cylinder filling. 

Both of the above valve timing modifications 
improve high speed engine performance, however, 
the torque produced at low speeds is significantly 
reduced. This occurs because the inertia of the 
intake air inducted into the engine decreases at low 
engine speeds. As a result, a portion of the air-fuel 
charge in each cylinder is driven back into the air 
induction system at low engine speeds, due to the 
delayecT intake valve closing. In addition, when the 
engine is operated under light loading conditions, 
exhaust products are able to flow from the exhaust 
system back into the engine cylinders and air in- 
duction system during the cross-over period. This 
can result in cylinder misfires and rough engine 
idling. 

It is also generally known that the above low 
speed drawbacks can be obviated by placing 
check valves in the engine air induction system. 
These check valves are typically placed down- 
stream of the air intake throttle valve, in each air 
passage leading to an engine cylinder. Each check 
valve is positioned to allow air flow in a direction 
towards its associated cylinder but prevent back 
flow in the opposite direction, away from the cyl- 
inder. Consequently, engine volumetric efficiency 
and torque output are greatly improved at low 
speeds and combustion stability is improved under 
light engine loading conditions. 

In this type of engine, if one of the intake 
passage check valves becomes damaged or mal- 
functions, the engine will not perform properly at 
low speeds. The back flow of exhaust gas into the 
associated cylinder can cause misfires and rough 
engine idling. Also, the decreased volumetric effi- 
ciency of the cylinder reduces the output torque. In 
addition, the cylinder associated with the faulty 
check valve will receive less air, while the other 
cylinders receive excess air. This produces in- 
correct cylinder air-fuel mixtures and increases en- 
gine exhaust emissions. 

The present invention seeks to provide appara- 
tus for diagnosing faults in an engine check valve. 

According to an aspect of the present inven- 



tion, there is provided apparatus for diagnosing the 
state of operation of a check valve of an internal 
combustion engine as in claim 1 . 

The invention can provide a system which is 

5 capable of diagnosing and indicating faulty check 
valve operation in engines equipped with such 
valves, to ensure proper engine performance and 
low exhaust emissions. 

In a preferred embodiment, the system mea- 

10 sures the pressure of air in the induction system, 
upstream of each check valve and downstream 
from the induction system throttle valve. An indica- 
tion of faulty check valve operation is then pro- 
duced if an abnormal fluctuation in the measured 

75 pressure is detected. Since modern engine com- 
puter control systems generally include a sensor 
for measuring the pressure in the air induction 
system and a warning indicator to alert an operator 
when the engine malfunctions, this embodiment 

20 can be implemented in such control systems by 
simply making computer software changes, without 
requiring any additional hardware. 

Preferably, the system of this embodiment per- 
forms the diagnostic function when the engine is 

25 operating in a defined mode at engine idle speeds 
with light engine loading. In this operating mode, 
the pressure differential appearing across each 
check valve is substantially maximized. Conse- 
quently, a malfunctioning check valve will produce 

30 larger fluctuations in the measured pressure, when 
the engine is operating in this mode, making detec- 
tion easier and more certain. 

In another embodiment of the present inven- 
tion, a peak value associated with the measured 

35 pressure in the induction system is obtained and 
compared with a predetermined threshold value. If 
the peak value exceeds the threshold value, the 
system indicates that an abnormal fluctuation in the 
measured pressure has occurred. Preferably, the 

40 peak value is obtained by sampling the measured 
pressure to obtain a set of sampled pressure val- 
ues, and selecting a largest value from among the 
set of sampled pressure values to obtain the peak 
value associated with the measured pressure. 

45 In another embodiment, a peak-to-peak value 

associated with the measured induction system 
pressure is obtained and compared with a pre- 
determined threshold value. If this peak-to-peak 
value exceeds the threshold value, the system in- 

50 dicates that an abnormal fluctuation in the mea- 
sured pressure has occurred. Preferably, the peak- 
to-peak value is obtained by sampling the mea- 
sured pressure to obtain a set of sampled pressure 
values, selecting a largest and a smallest value 

55 from among the set of sample pressure values, and 
then subtracting the largest and smallest values to 
obtain the peak-to-peak value associated with the 
measured pressure. 
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In both of the above embodiments, it is prefer- 
able that the diagnostic system samples the mea- 
sured pressure over more than one engine operat- 
ing cycle to obtain a predetermined number of 
sample pressure values for the set. Since an ab- 
normal fluctuation in measured pressure repeats 
once every engine cycle, excessive sampling rates 
are not then required to obtain accurate peak or 
peak-to-peak values. Additionally, the sampling 
does not have to be synchronized with the rotation 
of the engine, when the sampling is extended over 
more than one engine cycle. 

The diagnostic system may be provided with 
means for determining an engine rotational position 
corresponding to the occurrence of the abnormal 
fluctuation in the measured pressure caused by a 
faulty check valve. The diagnostic system can then 
identify and indicate the cylinder associated with 
the faulty check valve based upon the determined 
engine rotational position. Consequently, a substan- 
tial reduction in the time required to identify and 
repair faulty check valves can be realized with the 
use of the present invention. 

Advantageously, an indication of faulty check 
valve operation is produced, only after a predeter- 
mined number of sequential abnormal fluctuations 
are detected in measured pressure. This reduces 
the chance of an incorrect diagnosis caused by the 
occurrence of measurement noise or pressure tran- 
sients. 

An embodiment of the present invention is 
described below, by way of illustration only, with 
reference to the accompanying drawings, in which: 
Figure 1 schematically illustrates an internal 
combustion engine having a check valve in a 
cylinder air intake passage and an embodiment 
of system for diagnosing faulty check valve op- 
eration; 

Figure 2 shows a series of graphs of the pres- 
sure at points in the engine air induction system 
as a function of engine rotational angle; 
Figures 3A-3B show a flow diagram representa- 
tive of the steps executed by an electronic con- 
trol unit of the system of Figure 1 , for diagnos- 
ing faulty check valve operation on the basis of 
the peak value of an abnormal pressure fluc- 
tuation in the air induction system; and 
Figures 4A-4B show a flow diagram representa- 
tive of the steps executed by an electronic con- 
trol unit of the system of Figure 1, when di- 
agnosing faulty check valve operation on the 
basis of the peak-to-peak value of an abnormal 
pressure fluctuation in the air induction system. 
Referring now to Figure 1 , there is shown sche- 
matically an internal combustion engine 10 which 
includes an air induction system 12 for supplying 
the engine 10 with air for the combustion process. 
Engine 10 further includes a piston 14 disposed in 



a cylinder 16, and exhaust port 18 and intake port 
22, with an exhaust valve 20 and an intake valve 24 
respectively seated therein. 

The air induction system 12 of engine 10 in- 

5 eludes an air passage 26 leading to the intake port 
22 of cylinder 16, an air intake manifold 28 com- 
municating with the air passage 26, and an adjust- 
able air throttle valve 30 disposed within the intake 
manifold 28 for controlling the quantity of air flow- 

70 ing into engine 10. A check valve 32 is positioned 
in the air passage 26 leading to cylinder 16, down- 
stream of the throttle valve 30 relative to the direc- 
tion of flow of air into the cylinder 16 during normal 
engine operation. The check valve 32 allows air to 

75 flow in the downstream direction towards cylinder 
16, but prevents back flow in the reverse, upstream 
direction away from cylinder 16. In the embodiment 
shown, check valve 32 is a reed-type valve, how- 
ever, any other suitable kind of back flow prevent- 

20 ing valve may also be used. 

Although only a single engine cylinder 16 is 
illustrated in Figure 1, engine 10 can have a plural- 
ity of cylinders, with intake manifold 28 commu- 
nicating in parallel with each of the air passages 

25 and the check valves leading to the engine cyl- 
inders. 

Also shown in Figure 1 is a conventional elec- 
tronic control unit (ECU) 34, which is commonly 
used to control the operation of engine 10 so as to 

30 achieve desired performance characteristics. The 
ECU 34 generally includes a central processing 
unit, random access memory, read only memory, 
analogue-to-digital and digital-to-analogue convert- 
ers, input/output circuitry, and clock circuitry, as 

35 will be recognized by those skilled in the art. 

In controlling engine 10, the ECU 34 receives 
input signals from several standard engine sensors. 
Typically, a temperature sensor 38 provides ECU 
34 with a TEMP input signal related to the engine 

40 coolant temperature. The TEMP input signal is 
sequentially sampled by the analogue-to-digital cir- 
cuitry within ECU 34, with the most recent (Kth) 
sample value being stored in random access mem- 
ory as a variable TEMP(K). 

45 Additionally, the ECU 34 is generally provided 

with a POS input signal for deriving the rotational 
position of the engine. The POS input signal can 
be obtained from any conventional rotational sen- 
sor, such as the electromagnetic sensor 40 and 

so associated toothed wheel 42 shown in Figure 1. 
The electromagnetic sensor 40 detects the pas- 
sage of teeth on wheel 42 as it is rotated by the 
engine, and produces corresponding pulses in the 
POS input signal. The asymmetrical tooth on wheel 

55 42 provides a reference position in the engine 
cycle (for example top dead centre in the exhaust 
stroke), with the symmetrically spaced teeth cor- 
responding to known rotational angles from the 
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reference position. One complete rotational cycle in 
a four-stroke engine requires 720° or two complete 
revolutions of the engine crankshaft (not shown). 
Wheel 42 can be rotated by the engine camshaft 
(not shown), which rotates one revolution each en- 
gine cycle, so that the rotational angle of the en- 
gine in its 720° cycle can be determined. The 
ECU 34 computes the current rotational angle of 
the engine by counting symmetrically spaced 
pulses, in relation to the one asymmetrical pulse, 
and interpolating between counted pulses. The 
computed value is stored in random access mem- 
ory as the variable ANG, which represents the 
rotational angle of the engine in its 720° cycle. 

Based upon the POS input signal, the ECU 34 
also derives a value for a SPEED variable, which is 
stored in random access memory. The SPEED 
variable represents the current rotational speed of 
the engine, and its value is normally computed by 
counting the number of symmetrical pulses in the 
POS input signal that occur during a fixed time 
interval, and multiplying that count by an appro- 
priate constant to obtain the current rotational 
speed of the engine (in rpm). 

A MAP (manifold absolute pressure) input sig- 
nal is provided for the ECU 34 by a standard 
pressure sensor 44, which is positioned to measure 
the pressure in the air induction system 12 up- 
stream of each check valve 32 and downstream 
from the throttle valve 30. In a conventional man- 
ner, the analogue MAP signal is sampled by the 
analogue-to-digital circuitry within ECU 34, and the 
corresponding sample values are then stored in 
random access memory, with the most recent (Kth) 
sample value being designated as MAP(K). 

It is well known in the engine control art that 
the MAP signal can be used to derive an indication 
of the current load acting on the engine. Usually, 
this is accomplished by low-pass filtering the MAP- 
(K) sample values using a conventional digital filter 
having a first order lag characteristic. The output 
samples generated from this filtering process will 
be designated as AVEMAP(K), which approximate 
the average value of the MAP input signal. These 
AVEMAP(K) samples are also stored in memory 
and are substantially proportional to the current 
load acting on engine 10. It will also be recognized 
that other known techniques for obtaining engine 
load may also be used in this embodiment includ- 
ing, for example, those based upon throttle valve 
position and engine mass air flow. 

In most conventional computer engine control 
systems, it is also common practice to include 
means for warning the driver when certain engine 
malfunctions are detected. For example, if a de- 
tected engine operating parameter is found to be 
outside an expected range of values, the ECU 34 
will issue a WARN output signal to a warning 



indicator 46. This warning indicator 46 is typically a 
light bulb or light emitting diode (LED) that pro- 
vides a visual warning, although a speaker and 
tone generator could be used to provide an acous- 

5 tic signal. 

In this type of warning system, it is also com- 
mon for the ECU 34 to store a predetermined 
binary WARNING CODE related to the WARN sig- 
nal, for use in identifying the particular engine 

w malfunction. The code can be read out, for exam- 
ple, by closing a switch 48, which is coupled to the 
ECU 34. After sensing the closure of switch 48, the 
ECU 48 outputs the value of each bit in the WARN- 
ING CODE by sequentially turning the warning 

75 indicator either on or off using the WARN output 
signal in dependence upon the particular value of 
each bit in the WARNING CODE. Alternatively, 
ECU 48 could be provided with a port for connec- 
tion to an auxiliary computer, which could then 

20 read the stored binary WARNING CODE for di- 
agnostic purposes. 

Many other sensors, actuators, ECU input sig- 
nals and ECU output signals are generally present 
in a conventional engine control system, however, 

25 these have not been specifically shown in Figure 1 , 
since they are not required in describing this em- 
bodiment. 

As is explained above, the high speed perfor- 
mance of the four-stroke internal combustion en- 

30 gine 10 can be improved by advancing the opening 
and retarding the closing of each cylinder intake 
valve 24 during the engine operating cycle. Open- 
ing the intake valve 24 early, while exhaust valve 
20 is still open (known as cross-over), facilitates the 

35 discharge of gaseous combustion products from 
cylinder 16 at high engine speeds, while delaying 
the closing of intake valve 24, until after the begin- 
ning of compression in cylinder 16, improves cyl- 
inder filling. 

40 When these modifications to valve timing are 

implemented, low speed engine performance is 
improved by placing a check valve 32 in each 
intake passage 26 leading to an engine cylinder 16. 
Without such check valves, exhaust products flow 

45 back into the engine cylinders during the cross- 
over period under light engine loading, and por- 
tions of the cylinder air-fuel charges flow back into 
the air intake manifold 28, at low engine speeds. 
In this type of engine, if a check valve 32 

so becomes damaged or malfunctions, the engine 10 
will not perform properly at low speeds. The back 
flow of exhaust gas into the cylinder 16 can cause 
misfires and rough engine idling. The decreased 
volumetric efficiency of cylinder 16 reduces the 

55 engine output torque. In addition, cylinder 16 will 
receive less air, while the other engine cylinders 
will receive excess air. This results in incorrect 
cylinder air-fuel mixtures, which in turn increases 
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engine exhaust emissions. 

Consequently, this embodiment includes a sys- 
tem which can diagnose and indicate faulty check 
valve operation to ensure proper engine perfor- 
mance at low engine speeds. 

Referring now to Figure 2, there is shown a 
plurality of graphs of the absolute pressure (in kPa) 
at locations in the air induction system 12 as a 
function of the rotational position of engine 10 (in 
degrees), during operation at idle speeds with light 
engine loading. At the angles of 0°, 720 \ and 
1440*, piston 14 is at top dead centre after com- 
pletion of the exhaust stroke in cylinder 16. 

Graph (A) depicts the absolute pressure in the 
intake manifold 28, as measured by the pressure 
sensor 44, with each check valve functioning prop- 
erly. Normally, the peak-to-peak variations in the 
intake manifold pressure are in the order of 3 to 5 
kPa when the engine is operated at idle speeds 
with light engine loading. 

Graph (B) depicts the absolute pressure in the 
air passage 26 between intake valve 24 and check 
valve 32. The large fluctuations in this pressure 
results during cross-over, when the intake valve 24 
is opened with the exhaust valve 20 not yet fully 
closed. During this cross-over period, the pressure 
in cylinder 16 and air passage 26 becomes sub- 
stantially equal to the exhaust back pressure ap- 
pearing at the open exhaust port 18, which is 
basically at atmospheric pressure (approximately 
100 kPa). 

Once the exhaust stroke is complete, piston 14 
begins its intake stroke, drawing in air from the 
intake manifold 28 through the check valve 32. 
When this occurs, the pressure in the air intake 
passage 26 is quickly equalized to that in the 
intake manifold 28. Also, at high engine loads, the 
increased pressure of the air inducted into the air 
passage 26 substantially reduces the amplitude of 
the large pressure fluctuations occurring in the air 
passage 26. Consequently, the largest pressure 
differential appears across check valve 32 when 
the pressure in the intake manifold 28 is at its 
lowest value and the pressure in air passage 26 is 
at its highest value. This occurs when engine 10 is 
operated at idling speeds with light engine loading, 
when throttle valve 30 is substantially in its closed 
idle position. 

Graph (C) of Figure 2 depicts the pressure 
measured in the intake manifold 28 by pressure 
sensor 44 when check valve 32 is faulty and allows 
back flow from the air passage 26 into the intake 
manifold 28. As can be seen, an abnormal fluc- 
tuation in the intake manifold pressure occurs ev- 
ery engine cycle during the cross-over period, 
when the pressure in the intake passage 26 would 
normally be at its maximum value. Test measure- 
ments have indicated that the peak value of the 



intake manifold pressure fluctuation can be of the 
order of 50 kPa and the peak-to-peak variation can 
be of the order of 18 kPa when check valve 32 
completely malfunctions. 

5 This embodiment utilises the abnormal fluc- 

tuations in the intake manifold pressure shown in 
graph (C) to provide a system for diagnosing faulty 
check valve operation. The system measures the 
pressure of air in the induction system 12, up- 

10 stream of each check valve 32 and downstream* 
from the induction system throttle valve 30. An 
indication of faulty check valve operation is then 
produced if an abnormal fluctuation is detected in 
the measured pressure. Since typical engine con- 

75 trol systems generally include a manifold absolute 
pressure sensor 44 for measuring the pressure in 
the intake manifold 28 and a warning indicator 46 
for alerting the driver of any engine malfunctions, 
this embodiment can readily be incorporated into 

20 such control systems simply by making computer 
software changes, without the need for any addi- 
tional hardware. 

Preferably, the system performs the diagnostic 
function when the engine is operating in a defined 

25 mode, at engine idle speeds with light loading. As 
discussed previously, the pressure differential ap- 
pearing across each check valve is substantially at 
a maximum when the engine operates in this 
mode. Consequently, the largest fluctuation in the 

30 measured manifold pressure also occurs when the 
engine is operating in this mode, making it easier 
to detect such abnormal fluctuations. 

Referring now to Figures 3A-3B, there is shown 
a flow diagram representative of the steps of a 

35 Peak Value Diagnostic Routine executed by ECU 
34 in diagnosing faulty check valve operation 
based upon a peak value associated with abnormal 
pressure fluctuations in the engine air induction 
system. This routine forms part of the main looped 

40 control program which is repeatedly executed by 
ECU 34 during its control of the operation of en- 
gine 10. After engine start up, all counters, regis- 
ters, and timers within the ECU are properly initial- 
ized before entering the main control program. 

45 Each time the looped main control program is 

executed, the Peak Value Diagnostic Routine is 
executed at the appropriate point in the main con- 
trol program. 

Execution of the Peak Value Diagnostic Rou- 

so tine begins at step 50, where the current values for 
the TEMP(K), ANG, MAP(K), SPEED, and 
AVEMAP(K) variables are obtained from locations 
in the random access memory of ECU 34. As 
discussed previously, TEMP(K) indicates the tem- 

55 perature of the engine coolant; ANG represents the 
angular position of the engine in its operating cycle 
(from top dead centre in the exhaust stroke); MAP- 
(K) indicates the pressure in the intake manifold 
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upstream of each engine check valve 32 and down- 
stream from the air throttle valve 30; SPEED repre- 
sents the rotational speed of the engine; and 
AVEMAP(K) indicates the average value of the 
pressure in the intake manifold. After obtaining the 
currently stored values for these variables, the rou- 
tine proceeds to step 52. 

At step 52, the routine determines whether the 
temperature of the engine coolant is greater than a 
first reference temperature T1 and less than a 
second reference temperature T2 (for example, 
70 °C and 105°C, respectively). If the temperature 
TEMP(K) is within the specified range, the engine 
is considered to be operating in a normal, warmed 
up, mode and the routine proceeds to step 54, 
otherwise the routine passes to step 58. 

When the engine is properly warmed up, the 
routine proceeds to step 54 to determine whether 
the engine is operating at a rotational speed be- 
tween a first reference speed N1 and a second 
reference speed N2 (for example, 475 rpm and 525 
rpm, respectively). If the engine speed is within the 
range from N1 to N2, the engine is considered to 
be idling and the program proceeds to step 56, 
otherwise it passes to step 58. 

At step 56, the program determines whether 
the average manifold pressure indicated by 
AVEMAP(K) is between a first reference pressure 
P1 and a second reference pressure P2 (for exam- 
ple, 30 kPa and 35 kPa kPa, respectively). If the 
average manifold pressure is within the range from 
P1 to P2, the engine is considered to be lightly 
loaded, and the routine proceeds to step 62, other- 
wise the routine passes to step 58. 

The sequence of decisions in steps 52, 54, and 
56 basically determines whether the engine is op- 
erating in a defined mode, that is at idling speeds 
with light engine loading and in a warmed up 
condition. As discussed previously, it is preferable 
for the engine to be operating in this defined mode 
when diagnosing check valve operation, since ab- 
normal fluctuations in manifold pressure due to 
faulty check valves are the largest and easiest to 
detect when the engine is operating at idling 
speeds and is lightly loaded. The requirement for 
the engine to be operating in the warmed up con- 
dition assures that range of speeds at which the 
engine will idle (between speed N1 and speed N2 
at step 54) will remain substantially constant. Nor- 
mally, the engine control system sets the idling 
speed range high for a cold engine, and then 
decreases the idling speed range as a function of 
coolant temperature, until the engine is considered 
to be warmed up. Also, frictional engine loading is 
reduced when the engine warms up, due to the 
decreased viscosity of the engine lubricating oil. 

When the engine 10 is deemed not to be 
operating in the defined mode, the routine pro- 



ceeds to step 58, where two counters, ACOUNTER 
and BCOUNTER, along with a variable MAX are all 
reset to their initialized values, that is the values set 
prior to entering the routine for the first time 
5 (normally zero). From step 58, the routine is exited 
at point 60. 

When the engine 1 0 is deemed to be operating 
in the defined mode, the routine proceeds from 
step 56 to step 62, where a decision is made as to 

w whether the current value for the manifold pressure 
MAP(K) is greater than a predetermined value 
MAX. If MAP(K) is not greater than MAX, the rou- 
tine proceeds to step 66. However, if MAP(K) is 
greater than MAX, the routine first passes to step 

75 64, before proceeding to step 66. 

At step 64, the variable MAX is set equal to 
MAP(K) and a variable MAXANG is set equal to the 
current rotational angle of the engine ANG. In this 
manner, the maximum value of the manifold pres- 

20 sure is stored as the variable MAX, while the angle 
of rotation corresponding to this maximum pressure 
is stored as the variable MAXANG. 

At step 66, the current count of counter AC- 
OUNTER is incremented by one. Next at step 68, 

25 the count of ACOUNTER is examined to determine 
whether it is equal to a predetermined count des- 
ignated at COUNT1. If ACOUNTER has reached 
the predetermined COUNT1 , the routine passes to 
step 70 (Figure 3B), otherwise it proceeds to exit 

30 the routine at point 60. 

When the counter ACOUNTER equals 
COUNT1, the routine passes to step 70, where a 
value PEAK is set equal to the current value of 
MAX determined at step 104. This PEAK value 

35 represents the maximum peak value of any fluc- 
tuation occurring in the measured manifold pres- 
sure as the ACOUNTER is incremented from its 
initial count (normally zero) to COUNT1 . 

It will be recognized that the value of COUNT1 

40 defines the number of values of manifold pressure 
MAP(K) in a set that are examined (at step 62) 
before determining the PEAK value associated with 
the measured manifold pressure (at step 70). It is 
preferable that the value of COUNT1 is chosen 

45 such that the MAP input signal is sampled over 
more than one engine operating cycle when obtain- 
ing the predetermined number of sample manifold 
pressure values in the set. Since any abnormal 
fluctuation caused by a faulty check valve repeats 

50 each engine cycle, if sampling is extended over 
more than one operating cycle, an excessive sam- 
pling rate is not required to obtain an accurate 
PEAK value representing the measured manifold 
pressure. In addition, the sampling will not have to 

55 be synchronized with the rotation of the engine 
(assuming that the sampling frequency is not an 
exact multiple of the engine firing frequency). The 
same also applies where a peak-to-peak value is 
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obtained to represent fluctuations in measured 
manifold pressure (as will be described subse- 
quently in discussing the embodiment related to 
Figures 4A-4B). 

From step 70, the routine proceeds to step 72 
where the ACOUNTER and the variable MAX are 
reset to their initialized values. 

Next at step 74, the value of PEAK is com- 
pared with a predetermined THRESHOLD value. If 
PEAK is not greater than THRESHOLD, then an 
abnormal fluctuation in the measured manifold 
pressure is considered not to have occurred, and 
the routine will proceed to step 76 to reset a 
counter designated as BCOUNTER to its initialized 
value (normally to zero) prior to exiting the routine 
at step 60. However, if PEAK exceeds the 
THRESHOLD value, this indicates that an abnormal 
fluctuation in the measured manifold pressure is 
considered to have occurred, and the routine pro- 
ceeds to step 78. The value selected for THRESH- 
OLD will vary from application to application, but it 
should be greater than the maximum expected, 
variation in the manifold pressure (for example, 35 
kPa) and less than the largest expected variation in 
manifold pressure caused by the complete failure 
of a check valve, which is approximately 50 kPa for 
the application illustrated in Figure 2(C). Thus, for 
this application, THRESHOLD can be set at around 
42 to 44 kPa to detect the abnormal pressure 
fluctuations depicted in Figure 2(C). 

When an abnormal fluctuation is detected at 
step 74, the routine proceeds to step 78, where the 
count of BCOUNTER is incremented by one. 

Next at step 80, a decision is made as to 
whether the BCOUNTER has reached a count 
equal to the value COUNT2. If the count of 
BCOUNTER does not equal COUNT2, the routine 
is left at point 60. However, if the count of BCOUN- 
TER equals COUNT2, this indicates that a pre- 
determined number of sequential abnormal fluc- 
tuations (as determined by the value of COUNT2) 
in the measured manifold pressure have been de- 
tected. When this occurs, the routine passes to 
step 82, which indicates that the diagnostic system 
definitely considers a check valve to be faulty. By 
requiring the detection of more than one abnormal 
pressure fluctuation in sequence before indicating 
the presence of a faulty check valve, the chance of 
an incorrect diagnosis caused by the occurrence of 
noise or pressure transients is reduced. 

When a faulty check valve is diagnosed, the 
routine passes to step 82 at which BCOUNTER is 
reset to its initialized value (normally zero), before 
the routine proceeds to step 84. 

At step 84, a CYLINDER number for the cyl- 
inder associated with the faulty check valve is 
identified by looking up the value of CYLINDER in 
a table as a function of the value of the variable 



MAXANG found at step 64. As described pre- 
viously, the value of MAXANG represents the en- 
gine rotational angle corresponding to the most 
recently detected abnormal fluctuation in measured 

5 manifold pressure. As such, MAXANG can be used 
to identify the particular cylinder associated with 
the indicated faulty check valve. The look-up table 
is established to provide a cylinder number on the 
basis of the value of the rotational angle MAXANG. 

70 For example, for an engine having four cylinders 
with a firing order 1-2-3-4, with the rotational angle 
of 0° corresponding to top dead centre in the 
exhaust stroke for cylinder number 1 . The look-up 
table would then be configured to provide the CYL- 

75 INDER number 1, 2, 3, or 4, whenever the value of 
MAXANG is within the respective range of rota- 
tional angles defined by -90° ^ MAXANG < 90°, 
90° ^ MAXANG < 270", 270° £ MAXANG < 
450°, or 450 0 £ MAXANG < 630°. Of course, 

20 engines having different numbers of cylinders or 
different firing orders will have different CYLINDER 
numbers associated with different ranges of rota- 
tional angles in the iook-up table. After looking up 
the CYLINDER number on the basis of the value of 

25 MAXANG, the routine proceeds to step 86. 

At step 86, the ECU 34 stores a WARNING 
CODE associated with the detection of a faulty 
check valve. The WARNING CODE includes a first 
portion indicating that a check valve is faulty, so as 

30 to distinguish it from other codes used to indicate 
other types of engine malfunctions. The CYLINDER 
number found at step 84 forms the second portion 
of the WARNING CODE, which identifies the par- 
ticular cylinder having the faulty check valve. 

35 Next, at step 88, the ECU 34 issues a WARN 

output signal to activate the warning indicator 46. 
As discussed previously, the stored WARNING 
CODE may be read out by closing switch 48, to 
determine that a check valve has malfunctioned 

40 and to identify the cylinder associated with the 
faulty check valve. As a consequence, a substantial 
reduction in the time required to identify and repair 
a faulty check valve can be realized. 

Referring now to Figures 4A-4B, there is shown 

45 a flow diagram representative of the steps ex- 
ecuted by ECU 34 in a second embodiment of the 
present invention. In this embodiment, the detec- 
tion of faulty check valve operation is based upon a 
peak-to-peak value associated with abnormal pres- 

50 sure fluctuations in the engine air induction system, 
rather than the peak value used in the flow diagram 
presented in Figures 3A-3B. 

The Peak-To-Peak Value Diagnostic Routine of 
Figures 4A-4B forms part of the main looped con- 

55 trol program that is repeatedly executed by ECU 
34 in controlling the operation of engine 10. This 
routine contains many identically numbered steps 
that were previously discussed in describing the 
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flow diagram for the Peak Value Diagnostic Routine 
of Figures 3A-3B. Consequently, the present dis- 
cussion will be limited to the differences between 
the steps of the two routines. 

After entering the Peak-To-Peak Value Routine, 
the same steps described in the previous routine 
are executed, until steps 102 and 104 are arrived 
at. These steps are included in the present routine 
to detect a minimum value MIN associated with 
fluctuations in the measured manifold pressure. 

At step 102, a decision is made as to whether 
the current value of the sampled manifold pressure 
MAP(K) is less than a variable MIN, which would 
normally be initialized to have a value greater than 
the largest expected manifold pressure (for exam- 
ple, 120 kPa). If MAP(K) is not less than MIN, the 
routine passes to step 66. However, when MAP(K) 
is less than MIN, the routine passes to step 104, 
where the variable MIN is set equal to the value of 
MAP(K). The routine then passes to step 66. 

Step 58 of the routine of Figures 3A-3B has 
been replaced with step 100 in the present routine. 
In addition to resetting the ACOUNTER, BCOUN- 
TER and variable MAX, as was done in step 58, 
the new step 100 includes the resetting of the MIN 
variable added by step 104. 

In addition, steps 70 to 74 in the routine of 
Figures 3A-3B have been replaced by new steps 
106 to 110 in the present routine. At step 106, a 
peak-to-peak value PTP is computed by subtrac- 
ting the value of MIN, found at step 104, from the 
value of MAX, found at step 64. This PTP value 
represents the largest peak-to-peak fluctuation ob- 
tained from the set of measured manifold pressure 
samples MAP(K) as the ACOUNTER is increment- 
ed from its initial count to COUNT1. 

From step 106, the routine proceeds to new 
step 108 at which the ACOUNTER, the variable 
MAX, and the variable MIN are all reset to their 
initialized values. Step 106 differs from step 72 of 
the routine of Figures 3A-3B, by also including MIN 
in the list of variables to be reset. 

From step 108, the routine proceeds to step 
110, where the value of PTP is compared with a 
predetermined THRESHOLD value. If the PTP val- 
ue is not greater than THRESHOLD, then an ab- 
normal fluctuation in the measured manifold pres- 
sure is not considered to have occurred. In this 
case, the routine proceeds to step 76. However, if 
PTP exceeds the THRESHOLD value, this indi- 
cates that an abnormal fluctuation in the measured 
pressure is considered to have occurred and the 
routine then passes to step 78. From either step 76 
or 78, the remainder of the present routine is 
identical with that described earlier for the routine 
of Figures 3A-3B. 

The Peak Value Diagnostic Routine depicted in 
Figures 3A-3B provides for the detection of a faulty 



check valve on the basis of the peak or maximum 
value of the intake manifold pressure, and con- 
sequently requires fewer computational steps than 
the Peak-To-Peak Diagnostic Routine shown in Fig- 

s ures 4A-4B. This reduces the execution time of the 
routine, which can be significant in engine control 
applications. On the other hand, when execution 
time is not an important factor, the Peak-To-Peak 
Diagnostic Routine improves the capability of de- 

70 tecting faulty check valve operation since the peak- 
to-peak value of an abnormal pressure fluctuation 
is relatively larger than the difference between the 
peak value and the steady state pressure. 

In the above described embodiments of the 

75 present invention, the check valve diagnostic sys- 
tem was applied to a four-stroke engine. It will be 
recognized by those skilled in the art that these 
embodiments could readily be applied to two- 
stroke engines employing check valves in their air 

20 induction systems. For two-stroke engine applica- 
tions, abnormal fluctuations in induction system 
pressure due to a faulty check valve would repeat 
with every rotation of the engine crankshaft, and 
would occur at defined times dependent upon the 

25 locations of the intake and exhaust ports on the 
cylinder walls. Thus, the CYLINDER look-up table 
would need to be modified accordingly to provide 
the proper cylinder identification in two-stroke en- 
gines. 

30 It will also be recognized that in two-stroke 

engine applications, the engine rotational sensor 
can be rotated by the engine crankshaft, which 
rotates only once during the complete two-stroke 
engine cycle. Such a crankshaft rotational sensor 

35 could also be used in the four-stroke engine ap- 
plication, however, it would then only be possible 
to associate pairs of engine cylinders with a faulty 
check valve, since the precise rotational position in 
the engine cycle would not be available unless 

40 some other suitable engine position indicator is 
also provided, such as a camshaft position sensor. 

Claims 

45 1. Apparatus for diagnosing the state of operation 
of a check valve of an internal combustion 
engine, which internal combustion engine com- 
prises at least one engine cylinder (16), an air 
induction system (12) including a throttle valve 

50 (30) for regulating air flow into the engine (10) 

and an air passage (26) disposed between the 
throttle valve and the or each engine cylinder, 
the or each air passage including a check 
valve (32) disposed therein for allowing air flow 

55 in a direction towards its associated cylinder 

and for preventing back flow in the opposite 
direction; the apparatus comprising a pressure 
sensor (44,34) for measuring the pressure in 
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the air induction system between the or each 
check valve and the throttle valve, processing 
means (34) for detecting abnormal fluctuations 
in the measured pressure, and a fault indicator 
(34,46) for indicating the occurrence of a fault 5 
in response to a detected abnormal fluctuation 
in the measured pressure. 

2. Apparatus according to claim 1, comprising 
control means (34,38,40,30) for enabling the 10 
detection of abnormal fluctuations in the mea- 
sured pressure only when the engine is deter- 
mined to be operating substantially at idle and 
when the engine load is below a predeter- 
mined load. 75 

3. Apparatus according to claim 1 or 2, compris- 
ing engine position sensing means (34,40,42) 
for determining the rotational position of the 
engine on occurrence of an abnormal flue- 20 
tuation in the measured pressure; and cylinder 
indentifying means (34,40,42) for identifying 

the cylinder associated with the abnormal fluc- 
tuation in the measured pressure on the basis 
of the determined engine rotational position. 25 



has occurred when the peak-to-peak value ex- 
ceeds the threshold value. 

8. Apparatus according to claim 7, wherein the 
processing means (34) is adapted to obtain a 
plurality of samples of the measured pressure 
so as to produce a set of sampled pressure 
values, to select a largest value and a smallest 
value from among the set of sampled pressure 
values, and to subtract the smallest value from 
the largest value, thereby obtaining the peak- 
to-peak value. 

9. Apparatus according to any preceding claim, 
wherein the fault indicator (34,46) is adapted to 
indicate a fault on the occurrence of a pre- 
determined number of abnormal fluctuations. 



4. Apparatus according to claim 1, 2 or 3, 
wherein the processing means (34) is adapted 
to obtain a plurality of samples of the mea- 
sured air pressure over more than one com- ^ 30 
plete engine cycle. 



5. Apparatus according to any one of claims 1 to 
4, wherein the processing means (34) is adapt- 
ed to obtain a peak value associated with the 35 
measured pressure in the induction system to 
compare the peak value with a predetermined 
threshold value, and to determine that an ab- 
normal fluctuation in the measured air pressure 
has occurred when the peak value exceeds the aq 
threshold value. 



6. Apparatus according to claim 5, wherein the 
processing means (34) is adapted to obtain a 
plurality of samples of the measured pressure 45 
so as to produce a set of sampled pressure 
values, and to select a largest value from 
among the set of sampled pressure values, the 
largest value forming the peak value. 

50 

7. Apparatus according to any one of claims 1 to 
4, wherein the processing means (34) is adapt- 
ed to obtain a peak-to-peak value associated 
with the magnitude of the measured pressure 

in the air induction system, to compare the 55 
peak-to-peak value with a predetermined 
threshold value, and to determine that an ab- 
normal fluctuation in the measured air pressure 
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